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TO ALL WHOM IT MAY CONCERN: 

Be it known that Thomas J. Dudley of 293 Salem Street, 
Andover, Massachusetts 01810 has invented certain 
improvements in FIBEROPTIC SYSTEM FOR COMMUNICATING BETWEEN 
A CENTRAL OFFICE AND A DOWNSTREAM STATION of which the 
following description is a specification. 
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FIBEROPTIC SYSTEM FOR COMMUNICATING BETWEEN 



A CENTRAL OFFICE AND A DOWNSTREAM STATION 

Field Of The Invention 

This invention relates to fiberoptic systems in 
general, and more particularly to fiberoptic systems 
for communicating between a central office and a 
downstream station. 

Background Of The Invention 

An ATM-PON ("Asynchronous Transfer Mode" - 
"Passive Optical Network") architecture has been 
developed for the cost-effective deployment of optical 
fiber in an access network, whereby to permit 
communications between a central office and a 
downstream station. The ATM-PON architecture uses 
bi-directional transmission between the central office 
and the downstream station, with 1.5 |im being the 
wavelength for the downstream transmission and 1.3 |iiu 
being the wavelength for the upstream transmission. 
Passive Optical Network ("PON") refers to the use of 
splitters/combiners to passively split or combine 
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optical signals without requiring conversion of those 
optical signals to corresponding electrical signals. 

In the ATM-PON architecture, all downstream 
stations have access to the same bandwidth. Downstream 
5 transmission is in a broadcast mode, while upstream 

transmission is in a time division multiplex ("TDM") 
mode, with each downstream station being assigned a 
specific time slot for sending its upstream signal to 
the central office. 

l p Summary Of The Invention 

O An object of the present invention is to provide 

: C : an improved fiberoptic system for communicating between 

P a central office and a downstream station. 

[15 In accordance with the present invention, there is 

j=f provided a novel system wherein the central office has 

a transmitter ( XX TX") unit, a receiver ("RX") unit and a 
continuous wave ("CW") laser, and each downstream 
station has an RX unit and a tunable filter. The 
20 downstream station's tunable filter is placed between 

its RX unit and the central office. During downstream 
transmission, the station's tunable filter is tuned to 
the wavelength of the central office's TX unit so that 
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the signal transmitted by the central office will pass 
through the filter and be received by the station's RX 
unit. During upstream transmission, the station's 
tunable filter is selectively tuned to a wavelength 
5 different than the wavelength of the central office's 

CW laser, so that the station's tunable filter will 
selectively reflect light from the CW laser back to the 
central office. In particular, by selectively tuning 
the station's tunable filter, the tunable filter can be 
^fflO used to modulate the light being reflected back to the 

jiH central office, whereby to effectively create an 

Q upstream transmission from the downstream station to 

mP the central office. 

45 Brief Description Of The Drawings 

H These and other features of the present invention 

will be more fully disclosed by the following detailed 
description of the invention, which is to be considered 
together with the accompanying drawings wherein: 
20 Fig. 1 is a schematic diagram of the 

aforementioned ATM- PON architecture; 

Fig. 2 is a schematic diagram of a novel system 
formed in accordance with the present invention; and 
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Fig. 3 is a schematic diagram illustrating 
upstream transmission in TDM mode with the present 
invention. 

5 Detailed Description of The Preferred Embodiment 

Looking now at Fig. 1, in the ATM- PON 
architecture, the central office 5 has a 1.5 urn TX unit 
10, a 1.3 pm RX unit 15 and a splitter/combiner 
("splitter") 20. An isolator 25 is generally placed 

: -§0 between TX unit 10 and splitter 20. At the downstream 

end, a splitter 30 is used to connect a plurality of 

□ downstream stations 35. Each downstream station 35 has 

Hp a 1.5 urn RX unit 40, a 1.3 pi TX unit 45, and a 

O splitter 50. Again, an isolator 55 is generally placed 

|tf5 between TX unit 45 and splitter 50. 

O As noted above, in the ATM-PON architecture, 

downstream transmission is in a broadcast mode, while 
upstream transmission is in TDM mode, with each 
downstream station being assigned a specific time slot 

20 for sending its upstream signal to the central office. 

More particularly, during downstream transmission, the 
central office f s 1.5 \im TX unit 10 transmits a signal 
and this signal is received at every downstream station 
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35 using 1.5 ]m RX units 40. During upstream 
transmission, a downstream station's 1.3 ]m TX unit 45 
transmits a signal and this signal is received by the 
central office using its 1 . 3 ]im RX unit. Since 
upstream transmission is in TDM mode, where each 
downstream station is assigned a different time slot 
for sending its upstream signal to the central office, 
the central office can determine which downstream 
station sent which upstream signal by identifying the 
time slot in which the upstream signal was sent. 

Looking now at Fig. 2, there is shown a novel 
fiberoptic system formed in accordance with the present 
invention. The novel system includes a central office 
unit 100 which includes a 1.5 ym TX unit 105, an RX 
unit 110, a CW laser 115, a wavelength division 
multiplexer ( "WDM" ) 120 for combining the output of TX 
unit 105 and CW laser 115, and a splitter 125. An 
isolator 130 is positioned between splitter 125 and WDM 
120. The central office's RX unit 110 is adapted to 
detect light at the wavelength of CW laser 115, whereby 
RX unit 110 will be able to detect modulated 
reflections of CW laser 115, as will hereinafter be 
discussed. 
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At the downstream end, a splitter 135 is used to 
connect a plurality of downstream stations 14 0. Each 
downstream station 140 includes a 1.5 ym RX unit 145 
and a tunable filter 150. As shown in Fig. 2, the 
downstream station' s tunable filter 150 is placed 
between RX unit 145 and splitter 135. 

Tunable filter 150 is constructed so that when the 
filter is tuned to a selected wavelength, it will pass 
light of that wavelength and reflect light at other 
wavelengths. The present invention uses this feature 
to modulate a return path transmission, as will 
hereinafter be discussed in further detail. 

By way of example\but not limitation, tunable 
filter 150 may comprise\a tunable filter of the sort 
disclosed in pending U.S\ Patent Application Serial No. 
09/105,399, filed 06/26/98 by Parviz Tayebati et al. 
for MICROELECTROMECHANICAlVjY TUNABLE, CONFOCAL, 
VERTICAL CAVITY SURFACE EMITTING LASER AND FABRY-PEROT 
FILTER (Attorney's Docket Nd. CORE-33) , or tunable 
laser 150 may comprise a tunable filter of the sort 
disclosed in pending U.S. Pat&nt Application Serial No. 



TUNABLE FABRY-PEROT FILTER AND TUNABLE VERTICAL CAVITY 



filed 12/28/00 by Pteidong Wang et al . for 
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SURFACE EMITTING LASER (Attorney's Docket No. CORE-67) , 
both of which aforementioned patent applications are 
hereby incorporated herein by reference. 

During downstream transmission, the central 
station's TX unit 105 operates in broadcast mode, at 
1.5 ym, to send out an optical transmission which is 
split and sent to each downstream station 140. During 
downstream transmission, the downstream station's 
tunable filter 150 is tuned to the wavelength of TX 
unit 105, i.e., 1.5 lim, so that the signal transmitted 
by the central office will pass through tunable filter 
150 and be received by the downstream station's RX unit 



Upstream transmission is in TDM mode, and is 
achieved by using each downstream station's tunable 
filter 150 to create a modulated reflection of CW laser 
115 during that downstream station's assigned TDM time 
slot. This modulated reflection is then detected by 
the central office's RX unit 110. 

More particularly, during upstream transmission, 
the CW laser 15 at central office 100 sends out a 
stream of light. At the designated time slot for 
downstream station #1, that downstream station's 
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tunable filter 150 is selectively tuned so as to 
selectively reflect light from CW laser 115 back to the 
central office's RX unit 110. By selectively tuning 
that downstream station's tunable filter 150 relative 
to the wavelength of CW laser 115, the tunable filter 
can be used to modulate the light being reflected back 
to the central office 100, whereby to effectively 
create an upstream transmission from that downstream 
station #1 to the central office. At the same time 
that this is being done, during the designated TDM time 
slot for downstream station #1, the tunable filters 150 
for all of the other downstream stations 140 are set so 
as to not reflect light back to central office 100. 
Thus, during the designated time slot for downstream 
station #1, any reflected light returning to central 
office 100 will be the light being reflected by 
downstream station #1, and this light will be 
appropriately modulated so as to carry the upstream 
transmission from downstream station #1 to central 
station 100. This process is then repeated for each of 
the downstream stations 140, so that upstream 
transmission can be achieved. See Fig. 3. 
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In one preferred form of the invention, CW laser 
115 is a tunable laser adapted to emit light at 
selected wavelengths (e.g., selected wavelengths 
between 1510 nm and 1600 nm) , and each downstream 
station 140 has its own designated wavelength (i.e., 
one of the wavelengths of CW laser 115) . During 
upstream transmission, CW laser 115 will transmit, 
during the allocated time slot for a given downstream 
station, light at the appropriate wavelength for that 
given downstream station 140, whereby the tunable 
filter for that given station may appropriately 
modulate the reflected light signal. 

Various advantages are achieved through the use of 
the present invention. Among other things, the system 
is generally less expensive to implement than the 
aforementioned ATM-PON system, since it replaces TX 
unit 45 (Fig. 1) and splitter 50 with a tunable filter 
150 (Fig. 2), and the cost of CW laser 115 (Fig. 2) and 
WDM 120 in the central office is shared among the 
various downstream stations 140 (e.g., typically 16 to 
32 such downstream stations) . 

It will be understood that the foregoing detailed 
description of the preferred embodiment of the 
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invention has been presented by way of illustration and 
not limitation. Various modifications, variations, 
changes, adaptations and the like will occur to those 
skilled in the art in view of the foregoing 
specification. Accordingly, the present invention 
should be understood as being limited only by the terms 
of the claims. 
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